The effect of brown rice with low protein intake was studied in five healthy young men. Feces were weighed, the digestibility of nutrients was determined, and blood tests were made. Each subject followed a diet consisting mainly of polished rice for 14days and one consisting mainly of brown rice for 8days. Both diets contained 0.5g protein per kg of body weight. The brown rice diet had 3 times as much dietary fiber as the polished rice diet. On the brown rice diet, fecal weight increased, and apparent digestibility of energy, protein, and fat decreased, as did the absorption rates of Na, K, and P. The nitrogen balance was negative on both diets, but more negative on the brown rice diet. The phosphorus balance on the brown rice diet was significantly negative, but other minerals were not affected by the diet. The levels of cholesterol and minerals in the plasma were not significantly different on the polished rice diet and the brown rice diet. Comparing these results with data on standard protein intake (Miyoshi, H. et al. (1986) J. Nutr. Sci. Vitaminol., 32, 581-589.), we concluded that brown rice reduced protein digestibility and nitrogen balance. Key Words brown rice, dietary fiber, fecal weight, digestibility of energy, protein and fat, low protein intake
of the popularity of bread in Western countries. When the intake of wheat fiber increases, fecal weight increases, intestinal transit time shortens , and the absorption of energy, nitrogen, fat, and minerals decreases (7) (8) (9) (10) . Unpolished rice is the major source of fiber in most East Asian countries, including Japan . It ranks third in production as a cereal food in the world. There have so far been few experiments on brown rice (11) (12) (13) (14) . We had studied the effects of brown rice on the digestibility of nutrients, the nitrogen and mineral balance, and other factors in adult men on a standard protein intake (15) . Digestibility decreased, but the nitrogen and mineral balance was unchanged. Here, we studied the effects of brown rice when protein intake was low. We compared the fecal weight, apparent digestibility, balance of nutrients, and plasma cholesterol and mineral levels of adult men who first followed a diet consisting mainly of polished rice and then a diet consisting mainly of brown rice. by the modified method of Van Soest (17) . The brown rice diet contained 3 times as much NDF as the polished rice diet. The components of the diets are shown in Table 1 .
METHODS
Both diets were supplemented with a vitamin tablet and mineral mixture to give an adequate daily allowance (16) . About 5g of salt was given to stimulate the appetite of the subjects. The mineral content (especially K , P, and Mg) of brown rice is more than polished rice, so the mineral mixture for the two diets was different . The mineral intake from the diet and mineral mixture is shown in Table 2 .
Collection and analysis of samples. Details of the experimental methods were as reported elsewhere (15) . Blood pressure was measured twice before breakfast every day while the subject was sitting. Energy , nitrogen, fat, hematocrit, hemo globin, and plasma protein, albumin, total cholesterol, and HDL cholesterol were measured as described previously (15) . GOT and GPT were determined by the Reitman and Frankel method (18) ; they continued to be in the normal range although protein intake was low. Na, K, Cl, P, Ca , and Mg were measured as described previously (19) . The nitrogen balance was calculated from intake and urinary and fecal excretion. Apparent digestibility was calculated from intake and fecal excretion. The true digestibility of nitrogen was calculated from obligatory fecal N, which is 12.4mgN/g as estimated by Inoue et al . (20) . Data were ana lyzed statistically by Student's t-test for significant differences. Table 3 shows the transit time, frequency of defecation, and fecal weight of the fi ve men while on the polished rice and brown rice diets . Transit time and frequen cy of defecation did not differ significantly between the diets . The weights of wet and dry feces were about twice as much on the brown rice diet , and this differ ence was significant. Table 4 shows intake, excretion, and apparent digestibility of energy , protein, and fat. When the subjects were on the brown rice diet , the fecal excretion of energy, nitrogen, and fat increased significantly; in particular , fat excretion was 5 times that on the polished rice diet. The urinary excretion of energy and nitrogen on the two diets was not significantly different. The apparent digestibility of energy , protein, and fat was significantly lower on the brown rice diet . The nitrogen balance was 
RESULTS

DISCUSSION
It has often been reported that a high fiber intake from cereal results in high fecal weight, short transit times, and relatively low digestibility of nutrients (6) . Most experiments in humans have been done with wheat bran, and almost all have used diets providing adequate nutrition (6-10). We decided to investigate fiber intake with low protein intake both to understand the effects of brown rice more clearly (15) and to study the situation common in developing countries where nutrition is poor and diets contain high fiber but little protein (especially animal protein).
As fiber intake increases, so does the nitrogen loss in feces (6-10). We do not know how fiber increases the level of fecal nitrogen, but we think that the increased nitrogen is both exogenous and endogenous. Some of the effects of fiber probably involves increased growth of intestinal bacteria (23) , and the trapping of nitro-genous materials in the increased fecal mass (24) . It appears that the poor digestibility of brown rice nitrogen is due to these phenomena. It is generally thought that low protein intake affects pancreatic secretion, the enzyme activity of the intestinal mucosa (25) , and the morphological integrity of the intestines (26) . For example, the mucosa of the small intestine sloughs off more readily when protein intake is low. Epithelial cell turnover is a sensitive process altered by various nutritional conditions (27) . Grossman et al. found an increase in protease activity in rats on a high protein diet (28) . All of these factors would contribute to nitrogen loss.
We have studied the effects of brown rice when the protein intake is adequate (15) . Table 8 summarizes the digestibility of energy, protein, and fat, comparing a standard protein (SP) intake with a low protein (LP) intake and the polished rice diet with the brown rice diet. Fiber intake on the SP diet is more than on the LP diet mainly due to the amount of vegetables. On either diet, the digestibility of energy and fat was not significantly different between SP and LP intakes. The apparent digestibility of protein with LP intake was significantly lower than that with SP intake on both diets, which is reasonable considering the obligatory nitrogen loss. However, the true digestibility, calculated by subtracting the obligatory fecal nitrogen (20) from the LP intake, was significantly lower than that with SP intake on the brown rice diet. The main effect of the brown rice diet was on protein digestibility during low protein intake. As the protein source was only brown rice, the effects might be accounted for by the decreased digestibility of brown rice itself. With the SP intake as well, this effect can be explained in the same way. Table 8 also shows the nitrogen balance for SP and LP intakes. Protein intake with SP was twice that with LP, but fecal N on the brown rice diet was the same for both levels of protein intake. On the brown rice diet, the nitrogen balance with LP intake was significantly more negative than that with SP intake. With LP intake when high fiber was eaten, the nitrogen balance was negative; that is, these diet conditions affected nitrogen metabolism.
As mentioned above, fiber seemed to affect pancreatic and digestive function and the morphological integrity of the intestine (24, 29) . The decreased digestibility and the negative balance of nitrogen resulting from a high intake of brown rice may be primarily due to interference in protein digestion and absorption. Digestive functions may weaken with LP intake. In addition, rice fiber probably contributes to a stronger effect. In this study, protein was much more affected than were carbohydrates and fats.
Kies and Fox reported that different levels of hemicellulose in a low protein diet (0.6g/kg) produced no significant differences at any level of intake (30) . However, they found that individuals with a marginal or negative nitrogen balance tended to have a worsened nitrogen balance as the level of dietary hemicellulose was increased. Sugimoto reported that a brown rice diet decreased the apparent digestibility of protein; his study was done with a SP intake and the diet lasted for 2 days (11) . A number of reports have indicated that fiber in the diet may result in decreased or negative mineral balances in humans, but there is some disagreement on this (31, 32) . Our results indicate that the absorption rate of Na, K, and P while on the brown rice diet was significantly lower than that on the polished rice diet, and that the P balance during the brown rice diet was negative. In assessing the effects of fi ber on mineral balance, many factors should be considered, including the levels of mineral and protein intake and the presence of phytic acid (31) . In this study, the level of mineral intake was adequate and was the same in both diets. We consider that fiber did not strongly affect the mineral balance when mineral intake was adequate. The ratio of Ca:P intake was 1:2, which is the most desirable value. This ratio did not affect Ca balance. The consumption of brown rice leads to a high intake of phytate. Therefore the intake of unrefined cereals may also contribute to increased excretion of minerals (31, 32) . McCance and Reinhold reported that fecal P excretion increases and balances become negative when whole-meal bread is consumed (33, 34) . Other studies have shown that the P balance is not affected by diet (35) (36) (37) . Sandberg reported the effect of wheat bran on absorption of minerals by patients with ileostomies (38) . Although the absorption of phytate-P decreased on a bran diet, phytate is partly digested in the stomach and small intestines and this digesta may be absorbed. In this experiment the P balance was negative on the brown rice diet, because phytate in the brown rice cannot be degraded much and may be excreted in feces.
Increases in the level of dietary protein intake result in increased urinary Ca excretion (39) . We found that SP and LP intake did not affect the Ca balance. On the brown rice diet, the mineral levels in the plasma of our subjects did not change.
With the low level of protein intake in this experiment, the brown rice diet in creased fecal weight and decreased the digestibility of nutrients. Brown rice strongly affected protein metabolism. There are various differences in the components of brown rice and polished rice. For example, fiber, phytate, and lipid contents are higher in brown rice than in polished rice (40) . Fiber seems to affect the digestibility of protein most significantly. We do not know why brown rice or fiber affects protein more than fat or carbohydrates when protein intake is low.
